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Introduction
Energy storage is an important technology for overcoming intermittency issues and
increasing renewable energy development. Grid-scale energy storage can be formally
defined as technology that converts electrical energy into chemical or mechanical energy,
retaining the ability to reinject it back into the power grid when called upon. The scale of
these systems varies from single megawatts to hundreds or even thousands of MW.
Examples of storage technology include a variety of large-scale rechargeable batteries,
flywheels, pumped hydro, and compressed air. Storage provides valuable services to a
grid with high penetrations of variable renewable generation. Firstly, it can provide energy
arbitrage or “load-shifting” services where it purchases energy and charges during off-peak
hours at low prices, and sells back energy during peak hours when electricity prices are
high. This is valuable in areas where wind blows more heavily at night. Storage can also
provide faster and more accurate response than many other generation alternatives,
balancing out short-term fluctuations caused by inconsistent generation. This real-time
balancing act provides a service known in energy markets as frequency regulation, and is
important in maintaining the reliability of the electrical grid. Because of these reasons,
storage will become an important and necessary complementary technology to renewable
energy generation. However, widespread commercialization is still a few years away.
Balancing and renewable firming services are currently largely provided by natural gas
power plants, and with natural gas prices at historic lows this presents tough competition.
Furthermore, storage presents novel characteristics in energy markets, and continued
changes in market rules need to take place in order to fully compensate energy storage
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technologies. In this paper a background of electricity markets and the regulatory
environment in the United States is provided to give context. Then, implications from
FERC Order 755 and frequency regulation compensation issues are explored, with a
particular focus on the Midwest Independent System Operator (MISO). Finally, updates of
ongoing federal-funded energy storage demonstration projects are presented.

Wholesale Electricity Markets and Regional Transmission
Organizations (RTOs)
Beginning in the 1980’s and continuing throughout the 90’s and early 2000’s the
electricity industry began undergoing a period of competitive restructuring and
deregulation. Going along with increasing electricity prices, large industrial power users
began demanding the right to become wholesale purchasers of electricity. This followed
similar developments that had occurred in the telecommunications and natural gas
industries. The restructuring led to the unbundling of power supply from distribution,
which previously had both been managed by vertically integrated utilities. It ultimately
resulted in the development of separate wholesale power generators. Utilities still
generally keep their monopoly on distributing electricity to their customers, however the
production of electricity is now done by competitive suppliers, and utilities compete with
other load-serving entities (LSE’s) in purchasing electricity from wholesale markets.1
During these decades, some key developments took place in Washington, D.C. that
were important in shaping these changes in the electricity sector. Congress passed the
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RAP, Electricity Regulation in the US: A Guide, publication (Montpelier, VT: Regulatory
Assistance Project, March 2011), pg. #8.
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Energy Policy Act in 1992, which among other things promoted competition in wholesale
electric markets. One of its provisions amended the Federal Power Act and gave the
Federal Energy Regulatory Commission (FERC) authority to order utilities to provide
transmission service to requesting wholesale generators.2
In 1996, FERC issued orders 888 and 889, which essentially established the rules
for implementing fair competition in the U.S. wholesale electric system. Order 888 further
promoted open access of transmission services to power suppliers through “open access
non-discriminatory transmission services by public utilities.”3 Order 889 required the
establishment of an electronic bulletin board to increase market transparency. It is referred
to as the open access same-time information system (OASIS), and it allows users to receive
live data on current operating statuses and transmission capacity of any transmission
provider.4
In February of 2000, FERC issued Order 2000, which effectively advanced the
creation of Regional Transmission Organizations (RTOs). The purpose was to have
transmission-owning entities (including private utilities) to place their transmission
facilities under the control of an RTO. It was concluded that these regional entities were
well positioned to “address the operational and reliability issues confronting the industry,
and eliminate undue discrimination in transmission services that can occur when the
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H.R. 776 - Energy Policy Act of 1992, 102nd Cong., The Library of Congress (1992)
(enacted). Title VII - Electricity, Subtitle B - Federal Power Act; Interstate Commerce in
Electricity, Sec. 721. - Amendments to Section 211 of Federal Power Act.
3
"FERC: Major Orders & Regulations," Federal Energy Regulatory Commission, February
2012, Order No. 888, accessed February 25, 2012, http://www.ferc.gov/legal/maj-ordreg.asp.
4
Ibid. Order No. 889.
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operation of the transmission system remains in the control of a vertically integrated
utility.” These independent organizations would also be able to improve efficiency and
reliability of the transmission grid, remove opportunities for discriminatory practices,
improve market performance, and facilitate lighter handed regulation.5 Figure 1 is a map
of current RTOs in the United States. As noted, the Alberta Electric System Operator
(AESO), Ontario Independent Electric System Operator (IESO), and the Electric Reliability
Council of Texas (ERCOT) function as Independent System Operators (ISOs) only, which
serve a similar purpose as RTOs, but are not formally approved by FERC. AESO and IESO
are not because they operate in Canada. ERCOT operates a transmission grid located
solely within the state of Texas; therefore its operations do not qualify as interstate
commerce and consequently is not subject to FERC’s jurisdiction under the Federal Power
Act. In the following sections, the electricity market and planning operations of the
Midwest Independent System Operator (MidwestISO or MISO) will be presented, which
will offer insight as to how energy storage is treated in electricity markets and how market
rules can be changed to promote adoption of energy storage.

5

Ibid. Order No. 2000, pg. #2.
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Figure 1: Regional Transmission Organizations (RTOs) and Independent System
Operators (ISOs)6

The Midwest Independent System Operator (MISO)
MISO is an independent entity whose responsibility is to supply unbiased regional
electricity grid management and open access to transmission facilities. Like other RTOs, its
mission includes ensuring reliable, least-cost electricity delivered for consumers. It does
not own generation capacity or transmission assets, and its territory spans 11 states as well
as the province of Manitoba. The beginnings of MISO began in the late 1990’s when
several large transmission owners agreed with and recognized the benefits of FERC’s
vision to move to a competitive market-based transmission system. These stakeholders
6

Midwest Independent System Operator, Overview of the Midwest ISO & Tariff Services,
Powerpoint Presentation (Carmel, IN, March 14, 2011).
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voluntarily came together in 1998 to establish MISO. FERC approved MISO as the nation’s
first RTO in December of 2001. In February of 2002 MISO started providing regional
transmission service under the Open Access Transmission Tariff, which has since evolved
to be called the Open Access Transmission, Energy and Operating Reserve Markets Tariff
(also referred to as the EMT or simply the Tariff). On April 1, 2005 the Midwest Energy
Markets were launched and MISO began to centrally dispatch generating units in the
Midwest. This was based on a system of bids and offers cleared in the market. On January
6, 2009, the Ancillary Services Market (ASM) was implemented, which made possible the
central dispatch of operating reserves to provide frequency regulation and other “ancillary”
benefits to the grid, including contingency reserves and ramping support.7 The
implementation of the ASM led to MISO becoming the region’s Balancing Authority. This
means it took on responsibility for maintaining system balance between load and
generation. This requires a balance to be made in real time and must take into account
power interchange between MISO and neighboring RTOs.
The markets administered by MISO dictate how generated electricity is priced and
where it is transmitted. So, they serve as the playing field in which storage must compete
with other generation technologies. In these markets, an entity that owns generation
capacity will submit an offer based off of how much electricity they plan on producing.
Conversely, Load-Serving Entities (LSEs) submit demand bids that detail how much
electricity they need. MISO incorporates this information in planning dispatch schedules.
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"History," MISO, 2011, accessed February 26, 2012,
https://www.midwestiso.org/AboutUs/History/Pages/History.aspx.
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The system consists of a Day-Ahead (DA) market and a Real-Time (RT) market. The
DA market is essentially the planning phase of the following day’s operations. Bids and
offers in the DA market must be submitted by a certain time the day before the operating
day. This gives system operators an idea of market participants’ expectations for the next
day’s outcomes, and allows them to hedge against potential transmission constraints.
Once it has collected all of the submissions for the following day, MISO produces an
optimal set of unit commitments, electricity prices (which differ by geographic location),
and hourly operating schedules for the market participants for the following day. This
information is designed to maximize economic efficiency while maintaining an adequate
level of system reliability. In contrast to the DA market, the Real-Time (RT) market serves
as a “true-up” market. Its main purpose is to address the system conditions in real-time
that deviate from the day-ahead expected conditions. Throughout the operating day, it
works to balance electricity supply and demand to maintain system reliability at least cost,
dispatching resources at five-minute intervals. The MISO control center continuously
monitors system conditions with live data being fed from over 200,000 points on the grid.
These DA and RT markets include four products, broadly categorized either as Energy or
as Operating Reserves (see Figure 2). The majority of generation falls under the Energy
category, and market participation for energy providers is based off the normal system of
bids and offers described previously in both DA and RT markets. Electricity generation
classified as Energy provides the large majority of capacity necessary to meet demand.

9

Figure 2: Four MISO Market Products8

Large-scale storage facilities like pumped hydro plants and compressed air facilities
typically are able to bid in as energy. On the other hand, MISO’s Operating Reserves
market consists of the other three products: Regulating Reserves, Spinning Reserves, and
Supplemental Reserves. Regulating Reserve is the product that allows MISO to balance
supply and demand during real-time, providing frequency regulation and other reliability
benefits. This includes generation facilities that are online but only generate electricity

8

MISO Integration Training: Energy and Operating Reserve Markets, Training Presentation
(Carmel, IN: Midwest Independent System Operator, November 2011).
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when called upon. Generation plants classified under this category must meet some
special qualifying criteria. They must remain online for the duration of the Regulating
Reserve service, and must have a 5 minute or less response time. They are equipped with
technology called Automatic Generation Control (AGC) that gives MISO control to
dispatch these reserves as needed.
The final two products are known as Contingency Reserves, and consist of Spinning
Reserve and Supplemental Reserve. These two are similar in that they are paid to remain
ready to generate electricity in case of an unexpected emergency loss of generation or
transmission. Also, they both need to be able to respond to a dispatch signal in 10 minutes
or less. The only difference is that a spinning reserve must be kept online, whereas
supplemental reserves do not have to be. Based off of the characteristics of the three
Operating Reserves, Regulating Reserves are the most valuable and garner the highest
price in the market, followed by Spinning Reserves and then Supplemental Reserves. In
calculating electricity prices, MISO uses a methodology known as Locational Marginal
Pricing (LMP). LMPs for the DA Markets are calculated on an hourly basis, while those for
the RT Markets are calculated every 5 minutes. There are around 1500 commercial
pricing nodes (CPNodes) geographically distributed across the MISO footprint. Prices
differ by location due to transmission congestion. If the transmission system experienced
no congestion, all prices would be the same.

11

Storage in the MISO Footprint
In the MISO region, wind energy accounts for 6% of installed capacity at roughly
9.2 GW.9 Two of the top five wind-producing states are in MISO, and all MISO states have
either a Renewable Portfolio Standard or Goal. In addition, much untapped wind energy
exists in the Dakotas. In general, wind energy produces more electricity during off peak
hours when demand is low. Sometimes when there is too much wind energy being
produced and not enough demand, system operators have to turn off or “curtail” wind
generation. This results in wasted capacity and is costly for wind farm operators. In 2010
there were 2,117 wind curtailments.10 Storage increases demand by serving as a load
during off peak hours, and when tied to wind farms it will reduce curtailments.
Furthermore, a recent report found a negative correlation between MISO electricity prices
and wind output in MISO.11 As wind output increases, off-peak electricity prices decrease,
augmenting the value of energy arbitrage, where money is made from the spread between
off-peak and on-peak prices. Bulk energy storage is an important complementary
technology to wind, and thus will play a very important role with MISO in the near future.
MISO issued a storage report in the summer of 2011 that was driven by three key
factors: state RPS mandates that require MISO to respond to increased renewable energy
integration, issues relating to how storage is and should be treated in the tariff, and the
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Dan Rastler, MISO Energy Storage Phase 1 Report, report (Palo Alto, CA: Electric Power
Research Institute, November 2011).
10
Ibid, 2-6.
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Robert H. Schulte et al., Lessons from Iowa: Development of a 270 Megawatt
Compressed Air Energy Storage Project in Midwest Independent System Operator, report
(Albuquerque, NM: Sandia National Laboratory, January 2012), 39.
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need for MISO to improve its energy storage modeling capabilities.12 One of the unique
benefits of storage is its ability to provide ancillary benefits not only by injecting energy
into the grid when needed (during discharge) but also by serving as extra load (during
charging). Nevertheless, this characteristic is unconventional from a grid-level generation
perspective, and consequently it makes modeling storage difficult. It generates novel
complexities in the algorithm process used by MISO in creating day ahead and real-time
dispatch schedules. For example, standard modeling and algorithmic techniques operate
with hour-intervals, but one of the benefits to storage is its fast-response capability within
seconds. In these situations, using standard techniques to forecast storage technologies do
not capture its full benefits. One of the purposes behind MISO’s storage efforts is to
identify a better way of modeling storage that captures more of its value. In addition, their
study included a section on storage treatment in the MISO tariff and made
recommendations for improvement
Storage Treatment in the MISO Tariff
The MISO Tariff currently treats long-term and short-term energy storage devices
differently. Long-term storage is defined as being able to provide sustained energy for
more than one hour. This would include Compressed Air Energy Storage (CAES) systems,
and Pumped Hydro Storage (PHS), and potentially long-lasting batteries. On the other
hand short-term storage provides energy for one hour or less, and includes technologies
like batteries and flywheels. Long-term storage resources can participate in both the Day-
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Dan Rastler, MISO Energy Storage Phase 1 Report, report (Palo Alto, CA: Electric Power
Research Institute, November 2011).
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Ahead and Real-Time Markets. It has the option of acting as a generator and selling
electricity into the market while discharging, or acting as a load and purchasing energy in
order to charge. One issue with long-term storage treatment in the marketplace is that
charging (load) and discharging (generation) are treated separately, which creates the
possibility that one bid gets cleared in the DA Market and one does not. This would result
in the storage owner being committed to providing power at an unknown cost. Another
challenge, particularly for pumped hydro units, is that each individual turbine is treated as
a separate unit in the market, which increases the complexity of calculating energy
arbitrage opportunities. Revenue would be better allocated if the entire storage plant were
treated as a single unit with the storage of energy linked to generation.13
Conversely, short-term storage energy storage resources, known as Stored Energy
Resources (SERs), are currently only eligible to be bid as regulation resources in the
ancillary services market (ASM) in the DA and RT operating reserves market. They are
capable of supplying regulating reserves, but because of their limited capacity cannot
qualify as energy or contingency reserves. The minimum offer submitted per hour is 1 MW.
When submitted as regulation, a number of additional information must be submitted with
it, including its maximum and minimum charge and discharge rates among other things. 14
MISO also identified changes that would enhance the tariff with regards to shortand long-term energy storage. This includes adding contingency reserve payments for
stored energy resources, and allowing long-term energy storage to participate in the ASM.
Other value that could be captured through tariff changes includes storage’s ability to
13
14

Ibid. 4-2.
Ibid. 4-3.
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reduce congestion and offset new transmission investment. 15 More on recommended and
proposed tariff changes will be discussed later.

Case Study Within MISO: IA Stored Energy Park CAES Plant
The Iowa Stored Energy Park (ISEP) was a proposed 270 MW, $400 million
compressed air energy storage (CAES) project that was proposed near Des Moines, IA, and
planned to begin service in 2015. It was intended to be an intermediate generation unit
(not a baseload or peaking plant), capable of daily operation on weekdays of 10-12 hours
with a compression or charging cycle during low load periods on weeknights and
weekends. After being in development for eight years the project was terminated because
of site geological limitations. Through the process, however, much was learned about the
economics of a bulk storage facility coordinated with renewable energy resources in the
MISO marketplace. Project managers wrote a report detailing the major lessons learned
from the project, which included among other things market and legislative issues relating
to enabling storage in the MISO environment. While this was a compressed air storage
technology, many of the lessons learned can be applied to storage technologies in general,
especially large-scale storage.
ISEP estimated the total capital costs of their CAES plant to be around $1,374/kW in
2010 dollars. This is about 22% higher than a similarly sized conventional natural gasfired combined cycle power plant at $1,122/kw, and about 83% higher than a
comparably sized natural gas-fired simple cycle combustion turbine plant at $750/kw. In
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Ibid. 4-7.
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spite of this cost comparison, the CAES plant offers multiple benefits that the others do not,
including lower operating and maintenance costs (O&M) than the combustion turbine
plant (but higher O&M than the combustion turbine plant). The CAES plant also has a heat
rate (which is correlated to fuel usage) that is 37% lower than the combined cycle plant,
and 55% lower than the combustion turbine. 16 Other beneficial characteristics of CAES
that a natural gas plant cannot offer include its wide range between minimum and
maximum capacity as well as its fast response. These benefits will be discussed in greater
detail later. See Table 1 for the results of ISEP’s economic analysis and comparison with
other forms of generation.
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Robert H. Schulte et al., Lessons from Iowa: Development of a 270 Megawatt
Compressed Air Energy Storage Project in Midwest Independent System Operator, report
(Albuquerque, NM: Sandia National Laboratory, January 2012), 28.
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Table 1: Economic Comparison Between CAES and Comparable CC and CT Generation17

The Iowa Stored Energy Park used these assumptions in performing their economic
modeling, which explored the potential value of a storage facility in the market place
under the MISO tariff. In doing their economic modeling, ISEP identified a number of
extrinsic sources of value. This is in addition to the “intrinsic value” based on off-peak to
on-peak arbitrage, which is usually the focus of traditional economic studies for energy
storage. Extrinsic value in this regard mainly comes from CAES’s ability to ramp faster,
17

Ibid 29.
17

respond quicker, and accommodate more stops and starts in a day relative to the
conventional alternative. These characteristics are valuable in hedging against fast price
volatility. Table 2 shows ISEP’s calculated intrinsic and extrinsic benefits of their proposed
CAES plant, along with the alternatives.

Table 2: Intrinsic and Extrinsic Value for CAES and Alternatives (Present Worth, $/kW in
2015 dollars)18

Figure 3 graphically represents this difference between intrinsic and extrinsic value.
The red line represents average off-peak prices, and the blue line represents average peak
prices. These are based off of forecasted hourly prices using average fuel prices and
normal weather and load patterns. Utility resource planners typically use average values
like this. The difference between the two lines at any given moment in time represents the
intrinsic value, or the arbitrage benefit to be gained by buying off-peak and selling onpeak. In reality, the CAES unit would be responding to real-time MISO prices with
significantly more uncertainty and volatility than the hourly projections. This uncertainty is

18

Ibid 35.
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represented in the clouds surrounding the average prices. The extrinsic value of the CAES
plant lies in its ability to respond much more quickly and accurately to these real-time
price fluctuations than the conventional alternative during the time periods when it is not
charging or discharging for energy arbitrage.19 Average hourly prices used by traditional
economic planning are not calculated with a granulated-enough time frame to capture
these extrinsic benefits, and as a result it tends to underestimate the true value of storage.

Figure 3: Illustration of Intrinsic and Extrinsic Value20

Opportunities for Storage Enhancement in the Existing Tariff
FERC Order 755
Tariff treatment of energy storage is one of the most important drivers behind the
technology’s pending commercialization. The electricity markets up to this point have
been developed in a generation environment dominated by coal and nuclear base load, as
well as intermediate and peaking plants powered by fossil fuels. As such, the current
19
20

Robert Schulte, telephone interview by author, February 21, 2012.
Robert H. Schulte et al, 32.
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market rules are not set up with storage in mind and do not fully compensate the benefits
it provides in the MISO system, including their fast response capabilities. Recently, there
have been pushes at the national and regional levels to change market tariffs to better
compensate energy storage.
With the intent to address this very issue, the Federal Energy Regulatory
Commission (FERC) issued Order 755, which came into effect December 30, 2011. Titled
“Frequency Regulation Compensation in the Organized Wholesale Power Markets,” the
overall purpose is described as follows:
The Commission finds that current frequency regulation compensation
practices of RTOs and ISOs result in rates that are unjust, unreasonable, and
unduly discriminatory or preferential. Specifically, current compensation
methods for regulation service in RTO and ISO markets fail to acknowledge
the inherently greater amount of frequency regulation service being
provided by faster-ramping resources. In addition, certain practices of some
RTOs and ISOs result in economically inefficient economic dispatch of
frequency regulation resources.21
Frequency regulation is defined as the injection or withdrawal of power by a facility in
response to the system operator’s automatic generation control (AGC) signal. The standard
frequency of the U.S. power system is 60 Hertz (Hz). System frequency will fluctuate, as
electricity demand does not always equal generation in the dynamic real-world
environment. The difference between the two at any moment is known as the Area
Control Error (ACE). Significant deviations from 60 Hz will negatively impact energy
consuming devices, and large enough deviations would cause generation and
transmission equipment to disconnect from the grid, potentially leading to a cascading

21

FERC Order 755, Frequency Regulation Compensation in the Wholesale Power Markets,
Federal Energy Regulatory Commission 18 CFR Part 35 (2011) 1.
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blackout. The faster a device can ramp up or down, the more accurately it can respond to
the AGC signal to regulate frequency.
In the ISO/RTO markets, payments for frequency regulation compensation are
designed to cover the costs incurred to the facility providing the service. This includes
operation/maintenance costs and the loss of potential revenue from foregone sales of
electricity, since the unit needs to be in standby mode until called upon. In this way it is
essentially an option payment to keep a certain amount of capacity of a resource out of
the energy or other markets. When a resource submits its frequency regulation bid to
MISO it also needs to include its ramp rate in MW/min, its cost per MWh of ramping
ability, and the total capacity it is offering for frequency regulation. A large capacity
resource with a slow ramp rate would be limited in the amount of capacity it could offer
for frequency regulation. For example, MISO operates with a five-minute dispatch, so if
the resource can only ramp 1 megawatt per minute it would be limited to offering 5 MW
of regulation capacity, even if it had a total capacity of 20 MW. On the other hand, a 20
MW storage device that can ramp at 5 MW/minute would be able to offer its full 20 MW
of capacity.22
They key issue targeted by Order 755 is that some RTOs compensate frequency
regulation for the net amount of regulation provided in the dispatch period (which again,
is five minutes in MISO), rather than absolute regulation. This leads to undercompensation of frequency regulation for fast-responding units like storage that have the
capability of producing lots of movement within a five minute period. For example,

22

Ibid. 7.
21

suppose there are two resources providing frequency regulation in the regulating reserves
market, Resource A and Resource B (Figure 4). Resource A is able to ramp much quicker
than Resource B, which is only to ramp at 1 MW/minute. In the five-minute dispatch
period Resource A is able to provide much more regulation service to the system operator,
quickly ramping up to 9 MW and then quickly ramping down to absorb 4 MW, and then
back up to 2 MW. Resource B is not capable of this level of performance, yet both finish
the five-minute dispatch at +2 MW. Under traditional MISO market rules, these units
would be compensated equally even though Resource A provided more regulation service.

Figure 4: Simplified and Hypothetical Graph of Frequency Regulation (Created by
Author)

22

FERC Order 755 mandated that RTO’s must implement just and reasonable rates
that fully compensate speed and accuracy with regards to frequency regulation. It
proposed to require ISOs/RTOs to implement a two-part payment structure. The first part
includes the option payment that covers the regulating resource’s opportunity costs, as
described above. The second part of the payment is to be a performance payment that
addresses the issues associated with net payments. However, it left the specifics of market
implementation up to each RTO to determine how best to enact these compensation
changes. This process is currently ongoing at the time this paper is being written, however,
a summary update on MISO’s response to Order 755 is detailed below.

MISO’s Proposed Tariff Change: Frequency Regulation Compensation
According to the ruling, required changes to the tariff are due 120 days after the
filing, or April 30, 2012. Actual implementation of the changes is due 180 days after the
tariff filing, or October 30, 2012. With their current payment system, MISO already fulfills
the option-payment requirement relating to the first part of the two-payment system
mandated by FERC, so no changes are required there. The second part based on
performance will need to reflect the actual quantity of frequency regulation service
provided but also be accurate to the dispatch signal. In other words, a unit should not be
compensated more if it is doing extra work that does not accurately follow what it was
instructed to do. To accomplish this, MISO will tie the compensation measurements to
how accurately the unit responds to the Automatic Generation Control (AGC) dispatch

23

signal. In other words, compensation will be based on how accurately the unit is able to
follow what it is instructed to do in real-time.
The performance payment in MISO will fulfill FERC’s mandate by incorporating a
“mileage” component in the compensation. This will track the total absolute movement of
a resource within a five-minute dispatch period, rather than just the net movement. MISO
is currently able to track changes in generation output every four seconds. It will be
calculated by comparing instructed mileage (what the AGC signals it to do) to actual
performance of the resource. Doing it this way will reward both speed and accuracy
relating to a resource’s response. If a resource moves away from its instructed set point or
“overshoots it,” that will be subtracted from the total mileage. The example in Figure 5
illustrates this concept, as resources that respond quickly and accurately will be better
compensated than those that do not. All fast-responding storage units that participate in
frequency regulation potentially stand to benefit from this tariff change.
Large-scale storage systems like pumped hydro and compressed air’s primary value
resides in energy arbitrage, so this compensation change is not as significant as it will be
for batteries and flywheels, whose primary benefit resides in fast and accurate response.23
Nonetheless FERC’s order is an important step forward for storage technologies, and
should be followed up with continued discussions relating to storage issues in electricity
markets and continued changes to market rules.
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Schulte, Robert. Telephone interview by author. February 21, 2012.
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Figure 5: Example of Instructed Versus Actual Mileage Calculation24
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Frequency Regulation Compensation: FERC Order 755, Reliability Subcommittee
Presentation (Carmel, IN: Midwest Independent System Operator, March 20, 2012), 32.
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Recovery Act-Funded Storage Demonstration Projects
The American Recovery and Reinvestment Act (ARRA) was signed into law on
February 17th, 2009, as a direct response to the economic crisis. Its purpose was to invest
$840 billion to create jobs, spur economic activity, and invest in long-term growth.25
Within that investment, $4.5 billion was provided as matching funds for smart grid
investments. Managed by the Department of Energy’s Office of Electricity Delivery and
Energy Reliability, this was the largest single electrical grid modernization investment in
history. From this, $184,989,700 of federal funding was awarded to 16 energy storage
demonstration projects across the country, with a total combined value of
$770,198,075.26

Figure 6: Map of ARRA-Funded Smart Grid Demonstration Projects
25

"Recovery.gov - Track the Money," Recovery.gov, The Recovery Act, accessed March 31,
2012, http://www.recovery.gov/Pages/default.aspx.
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"SmartGrid.gov: Recovery Act Smart Grid Programs, Energy Storage Demonstration
Project Information," accessed March 31, 2012,
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Figure 6 shows the distribution of the projects across the country. These projects are
described in further detail below. Phone surveys were conducted by the author that
focused on four key questions:
1. What is your current project status and how does this compare with the originally
proposed timeline?
2. What do you see is the critical price point ($/kw) that is necessary for a device
like this to be economical on a stand-alone basis?
3. If the project is located in an ISO/RTO, how is this technology treated in your
regional tariff, and what changes could/should be made to better compensate
storage? Have you engaged in dialogue with your ISO/RTO regarding tariff issues?
4. Have there been any other significant lessons learned from your experiences so
far?
Below is a table breaking the projects down by category. See the Appendix for more
details on specific projects.

Figure 7: ARRA-Funded Storage Technology Demonstration Projects27
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Electricity Advisory Committee; Energy Storage Technologies Subcomittee, Energy
Storage Activities in the United States Electricity Grid, report (May 2011).
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With these storage projects, 11 of the 16 listed renewable energy
integration as a primary application. Other applications of these storage
projects include frequency regulation and community energy storage, of which
both work to improve the efficiency of the grid and indirectly promote
renewable energy goals. Of the two large geologic-scale compressed air
storage projects, one had to be terminated due to economic issues while the
other is still in an early site-selection stage. The majority of the battery
projects are coming along more or less as planned, with some already
constructed and in the operation/data collection phase. Furthermore, many of
the storage projects that are located in an RTO territory have been actively
engaged in discussions on addressing market/tariff issues. These federally
aided demonstration projects will provide insights regarding the most
economical and promising technologies, greater knowledge on how to model
and operate storage technologies, and will help identify further regulatory and
market barriers for storage.
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Conclusions
Energy storage has a bright future ahead of it, as soon as natural gas prices increase.
Storage will be a very important tool in solving the issue of variability as more wind and
solar electricity generation is developed. However, as mentioned before the main
competition to most storage is natural gas-powered Combined Cycle (CC) and
Combustion Turbine (CT) power plants. These serve as intermediate generators that
provide relatively fast response and ramping services similar to bulk energy storage. CC
and CT plants are a reliable, commercially mature technology that is relatively cheaper
than storage. Though they require additional costs for fuel while storage does not (with the
exception of CAES, which requires significantly less fuel), the fact that natural gas prices
are at historic lows (Figure 7) makes these units more economically attractive than storage.
New CC and CT units can be installed at around $750-$1,000/kw. EPRI reports have
shown that storage’s prices are close to this level of cost competitiveness on a $/kw basis,
hovering around $1,000/kw. However this has not been shown to be the case, most
significantly with Compressed Air Energy Storage. As the lessons from recently terminated
projects in Iowa and New York indicate, the capital costs have turned out to be higher,
with Iowa’s above $1,300 and New York’s above $2,000.28, 29 Furthermore, no CAES
vendor has shown to date they can deliver a full CAES system at capital costs comparable
to gas turbine plants.
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Robert H. Schulte et al., Lessons from Iowa: Development of a 270 Megawatt
Compressed Air Energy Storage Project in Midwest Independent System Operator, report
(Albuquerque, NM: Sandia National Laboratory, January 2012).
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James Rettberg, "Re: Student Research Project on Storage," e-mail message to author,
March 12, 2012.
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Figure 8: U.S. Wellhead Natural Gas Prices Based on EIA Data

In addition, efforts by FERC and ISOs/RTOs across the country to better compensate
storage are an important step in the right direction. Electricity markets should not just favor
traditional generation technologies, but instead have the flexibility to accommodate new
generation technologies, especially ones that help integrate renewable energy into the grid.
FERC Order 755 is requiring markets to better compensate fast-responding generators that
can provide better frequency regulation services. Relating to storage, this will be most
beneficial for technologies that specialize in frequency regulation with fast and accurate
response, such as batteries and flywheels. Larger-scale storage like compressed air and
pumped hydro in most cases receive the majority of their income from energy arbitrage,
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and the benefit they will receive from Order 755 is relatively less important. Continued
tariff improvement and electricity market development will be needed.
The 16 storage demonstration projects that received funding from the American
Reinvestment and Recovery Act are testing out many of these new technologies. The
majority of them are still going along as planned with many to be completed in the next
few years. The majority of the battery projects are doing well, with most of them on or
ahead of schedule. The underground compressed air projects are facing more difficulties,
with one having been terminated and the other still in its early site-selection phase. These
will provide valuable test cases and data that will pave the way for future projects. Like
any emerging technology there will be winners that ultimately emerge and losers that fall
out along the way.
Enacting federal policy that would provide financial incentives for investment in
these storage technologies would allow storage to become more competitive and move us
closer to meeting the renewable energy goals in place around the United States. On
November 10, 2011, the Storage 2011 Act was introduced by Senators Ron Wyden (D),
Jeff Bingaman (D), and Susan Collins (R). It proposed to amend the Internal Revenue Code
to allow an energy tax credit for investment in energy storage property and make the
technology eligible for new clean renewable energy bond financing.30 This would be a
game-changer for the storage industry. Furthermore at the state level, industry is arguing
that since storage makes possible increased renewable energy development, it should be
eligible for credit against state renewable portfolio standards (RPS) and also eligible for
30

"S. 1845: STORAGE 2011 Act," STORAGE 2011 Act (S. 1845), November 10, 2011,
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renewable energy credit (REC) financing. An area for additional research would include
studying how much and in what situations storage enables additional renewable
development. Increased knowledge in this area would make a stronger case for RPS and
REC eligibility and would help figure out exactly how much credit storage should get
towards meeting these goals.
In order to achieve high penetrations of renewable energy, the issue of variability
needs to be taken care of. Energy storage is one of the most promising ways of tackling
this issue long term. Pumped hydro storage and compressed air have the potential to
become the most large-scale and efficient way of absorbing and firming variable
generation. Natural gas prices will eventually rise again, and as this happens the relative
benefits of renewable energy and energy storage will also rise.
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Appendix: ARRA-Funded Demonstration Projects
Pacific Gas & Electric Company: Advanced Underground Compressed Air
Energy Storage
Category: Compressed air storage
Location: Kem County, CA
Proposed Timeline: Jan 1, 2010 – Dec 31, 2018
Total Project Budget: $355,938,300
DOE/NonDOE share: $25,000,000/$330,938,300
Additional Partners: Electric Power Research Institute
Primary Contact: Annette Zimmerman, Worley Parsons Resources and Energy
Pacific Gas & Electric (PG&E) is working on building an advanced underground
Compressed Air Energy Storage (CAES) plant in California using a porous rock natural gas
reservoir as the storage medium. In addition to DOE, PG&E received funding from the
California Energy Commission and the California Public Utilities Commission for the first
phase of the initiative.31 The CAES plant will be approximately 300 MW with 10 hours of
storage. The two currently operating CAES plants in Alabama and Germany use salt domes
to store the compressed air, but porous rock formations are much more common on the
west coast of the U.S. This project is investigating a newer CAES plant design that
potentially would be much more efficient than the first generation Alabama and German
designs. It also involves the option for future use of thermal storage to test the potential of
adiabatic CAES, a technology that could completely eliminate the use of fossil fuel for a
CAES plant.32
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Aparna Narang, PG&E Compressed Air Energy Storage in California, report (San
Francisco: Pacific Gas & Electric Company, 2011).
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Currently, they are still in the process of selecting a site. Using a natural gas
reservoir for CAES is different than the two existing plants or other proposed CAES projects,
which look at using salt caverns or aquifers. Thus, PG&E is attempting to be the first
commercial CAES plant to utilize porous rock formations. They are focusing lots of work
early on site selection and geological studies. As learned in the IA CAES project described
above, waiting to take a close look at the reservoir can be very costly. Since the initiative’s
beginning, 124 potential sites in California have been evaluated based on their technical,
environmental, and siting material. Based off of these evaluations, the potential sites have
been narrowed down to three that are currently being moved into the reservoir-testing
phase. Following more detailed testing on these three sites, one site will be selected for
compression testing, which will include establishing an air bubble in the reservoir,
followed by monitoring pressure levels and performing flow testing.33

Duke Energy: Notrees Wind Storage Demonstration Project (Advanced LeadAcid Battery)
Category: Battery storage for utility load shifting or for wind farm
Location: Goldsmith, TX
Proposed Timeline: Jan 1, 2010 – Dec 31, 2013
Total Project Budget: $43,612,464
DOE/NonDOE share: $21,806,232 / $21,806,232
Additional Partners: Electric Power Research Institute
Primary Contact: Chris Rees, Duke Energy
This storage project will use fast response advanced lead-acid batteries integrated
with wind power, configured to provide 36 MW of output with a storage capacity of 24
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Annette Zimmerman, "Pacific Gas & Electric: Advanced Underground Compressed Air
Energy Storage," telephone interview by author, March 29, 2012.
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MWh. One of the primary objectives of the project is to provide validation that energy
storage increases the value and practical application of wind generation, alleviates
intermittency issues, and is commercially viable at the utility scale.34 Duke Energy is
headquartered in Charlotte, NC, however the project is located at the Notrees Wind Farm,
which has 152.6 MW of wind generation capacity and is owned and operated by Duke
Energy Renewables. The wind farm is located in west Texas, and the battery will be
located at the substation, tied on the distribution side. It is the only storage system of these
demonstration projects located in ERCOT territory (Electric Reliability Council of Texas,
the Texas ISO). Its value will be based on providing frequency regulation, energy arbitrage,
voltage support, wind firming, curtailment mitigation, and other ancillary services as the
need arises.
The balance that will house the battery is currently under construction, and is
scheduled to be completed in the next couple of months. The commercial operation date
is supposed to be in October or November of 2012. The current nature of the project is
different than what was originally proposed. Originally it was planned to have two distinct
portions of system, one having shorter duration intended for frequency regulation and the
other for large-scale peak shaving activities. This was eventually changed to the current 36
MW/24 MWh single unit. The reason for this change was a shift towards a system with
greater capacity and less focus on long duration was more economically desirable. Their
economic analyses found the cost for longer duration is greater than the cost for greater
capacity. Furthermore, within ERCOT the compensation that is currently available for
34

Anuja Ratnayake, Notrees Wind Storage Project Description, Powerpoint Presentation
(Charlotte, NC: Duke Energy, Oct 20, 2011).
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shorter duration is more lucrative. Lead-acid batteries tend to be cheaper, but do not have
as long of a storage capacity as other grid-scale batteries on the market. If all subsidies are
taken away from a battery of this size, for it to be economical it needs to be cost
competitive with a combustion turbine plant at around $700/kw.
Duke Energy has been active in talking to ERCOT related to battery operating issues
within their markets. Most of their negotiations have been through a trade organization
called the Texas Energy Storage Alliance. Some of the changes they have advocated for
have been implemented or will be shortly. For example, it was not clear if storage would
be charged wholesale electricity rates or retail electricity rates (retail rates are more
expensive during off-peak hours). It is likely this will be changed this year so that largescale batteries will be treated as a wholesale resource. Another rule they are lobbying to
change is that in ERCOT you need to be able to maintain a set point for a full hour to
qualify for participation in market activities. This system can only maintain a set point for
40 minutes at full capacity, and thus would be limited as to how much it could bid in. At
the time this battery goes into service it will be one of if not the largest battery in the
world.35

Public Service Company of New Mexico: PV Plus Battery for Simultaneous
Voltage Smoothing and Peak Shifting (Advanced Lead-Acid Battery)
Category: Distributed energy storage for grid support
Location: Albuquerque, NM
Proposed Timeline: Jan 1, 2010 – April 30, 2014
Total Project Budget: $6,113,433
35

Chris Rees, "Duke Energy: Notrees Wind Storage Demonstration Project - Advanced
Lead Acid Battery," telephone interview by author, March 12, 2012.
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DOE/NonDOE share: $2,305,931 / $3,807,502
Additional Partners: University of New Mexico, Northern New Mexico College, Sandia
National Laboratories, East Penn Manufacturing Company, Electric Power Research
Institute
Primary Contact: Steve Willard, PNM
This project will co-locate a 1 MWh/259kW advanced lead acid battery with a 500
kW solar photovoltaic plant to create a firm and dispatchable distributed generation
resource. The goal is for this combination to mitigate voltage fluctuations and enable load
shifting of the PV plant. The PV system went online in August of 2011 (the first of all 16
demonstration projects to do so), and the battery system in September of 2011.36 Highly
granular data collection and analysis is currently underway, with the purpose of producing
commercially useful information for applications relating to PV variability and battery/PV
interaction. Within this, five test plans are being conducted related to voltage smoothing,
peak shaving, firming, and arbitrage. The project is not located in an RTO/ISO territory.
Rather, the Public Service Company of New Mexico, a vertically integrated utility, is the
local balancing authority. Not having an ancillary services market to participate in creates
different challenges. All of the storage benefits are internalized, but since there is no set
price for regulation services it difficult to quantify them. Finally, this project’s cyber
security and control systems are some of the most advanced in the country.37

South California Edison: Tehachapi Wind Energy Storage Project
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Steve Willard and Brian Arellano, PV Plus Storage for Simultaneous Voltage Smoothing
and Peak Shifting, Powerpoint Presentation (Albuquerque, NM: Public Service Company
of New Mexico, Oct 2011).
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Simultaneous Voltage Smoothing and Peak Shifting," telephone interview by author,
March 21, 2012.
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Category: Battery storage for utility load shifting or for wind farm
Location: Tehachapi, CA
Proposed Timeline: Feb 8, 2010 – Feb 7, 2015
Total Project Budget: $54,856,495
DOE/NonDOE share: $24,978,265 / $24,978,265
Additional Partners: A123 Systems, CAISO, Quanta Technology, Cal Poly Pomona
Primary Contact: Michael Montoya, South CA Edison
This storage project is evaluating the performance of an 8 MW, 32 MWh lithiumion battery system integrated with large-scale wind generation. It is located in the
Tehachapi Wind Resource Area, California’s largest wind resource, where there is
currently 1,396 MW of wind capacity and a projected 4500 MW by 2015. The project
team will measure performance under 13 specific operational uses, encompassing the
diversity of operating possibilities for a battery like this. The data and results will be shared
with stakeholders and other interested parties. This will be the largest grid-connected
lithium ion storage system to date. The manufacturer they have partnered with is currently
moving along with building the system, and they have completed all necessary substation
engineering work.38 Testing is scheduled to commence in September of 2012 once the
system becomes grid operational and will continue through the end of 2014.39 Part of the
rationale behind using Li-ion chemistry is that they are being embraced in the electric
vehicle industry. If electric vehicles take off than this technology will decrease in price,
benefiting grid applications as well. South CA Edison utilizes one of the most advanced
real-time digital simulators (RTDS) in the world. This is useful for modeling prospective
technologies on a dynamic grid in the very complex policy environment of California.
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Michael Montoya, "Southern California Edison: Tehachapi Wind Energy Storage
Project," telephone interview by author, April 2, 2012.
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Loic Gaillac, Tehachapi Wind Energy Storage Project, Powerpoint Presentation (San
Diego, CA: Southern California Edison, Oct 20, 2011).
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Ktech Corporation: Flow Battery Solution for Smart Grid Renewable Energy
Applications
Category: Demonstration of promising storage technologies
Location: Albuquerque, NM; Sunnyvale, Snelling, CA
Proposed Timeline: Aug 6, 2010 – Aug 5, 2013
Total Project Budget: $9,528,568
DOE/NonDOE share: $4,764,284 / $4,764,284
Additional Partners: Enervault Corporation, JKB Energy, Montpelier Nut Company
Primary Contact: Sheri Nevins, Ktech Corporation
Ktech Corporation is installing a flow battery constructed by EnerVault that will be
250 kW/1 MWh and designed to fit inside a standard 20 foot shipping container. It will be
deployed at an agricultural site in California’s Central Valley and tied to an existing 180
kW photovoltaic system. The battery system has a modular design that will allow for
scalability and the possibility of larger, multi-megawatt deployments in the future. The
plan was to progress the battery technology development from 15x15 cm lab-scale cells,
to a 2-5 kW prototype system, to a 40 kW alpha system, and conclude with a 250 kW
beta system. EnerVault is then planning to start commercially manufacturing flow battery
stacks in its Northern California plant within 12 months of project completion. They
experienced some delays moving out of the lab stage, and are a couple months behind the
preliminary deadline. Construction of the balance of the plant will occur in late April to
early May in Albuquerque.40

New York State Electric & Gas: Advanced Compressed Air Energy Storage
Category: Compressed air storage
40

Sheri Nevins, "Ktech Corp: Flow Battery Solution for Smart Grid Renewable Energy
Applications," telephone interview by author, March 22, 2012.
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Location: Watkins Glen, NY
Proposed Timeline: Jan 1, 2010 – Dec 31, 2014
Total Project Budget: $125,006,103
DOE/NonDOE share: $29,561,142 / $95,444,961
Additional Partners: Electric Power Research Institute, New York State Energy Research
and Development Authority
Primary Contact: James Rettberg, NY State Electric & Gas.
An advanced compressed air energy storage plant was planned to be built with a
rated capacity of 150 MW using an existing 4.5 million cubic foot underground salt
cavern in Reading, NY. This CAES project was ultimately determined to not be economic
due to higher than expected capital costs above $2,000/kW. Another factor in the
project’s termination was low market revenues for energy, capacity, and ancillary services,
with prices mainly set by natural gas fired units. Excess capacity and a relatively poor
local economy leading to diminished demand are also price drivers. Their dispatch
modeling showed capacity factors in the range of 10-20%, which is typical of a peaking
unit that would normally be much cheaper than a CAES plant (CAES at this scale is
intended as intermediate generation). Based on their front-end engineering, the project
manager believes no vendors in the CAES market can currently deliver a unit at a price
point economically competitive under $1,000/kW.41

Amber Kinetics, Inc: Flywheel Energy Storage Demonstration
Category: Demonstration of promising storage technologies
Location: Fremont, CA
Proposed Timeline: March 1, 2010 – Dec 31, 2014
Total Project Budget: $10,003,015
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Rettberg, James. "Re: Student Research Project on Storage." E-mail message to author.
March 12, 2012.
40

DOE/NonDOE share: $3,694,660 / $6,308,355
Additional Partners: AFS Trinity
Amber Kinetics is conducting a commercial-scale and utility-scale demonstration of
their prototype flywheel system. The system will have built-in sending components that
can determine frequency and voltage characteristics of the grid and appropriately manage
the amount of energy discharged. This start-up was launched in 2009 after the technology
was developed in a Stanford Cleantech Entrepreneurship class.42

City of Painesville, Ohio: Vanadium Redox Battery Demonstration Program
Category: Distributed energy storage for grid support
Location: Painesville, OH
Proposed Timeline: March 1, 2010 – Feb 28, 2014
Total Project Budget: $9,462,623
DOE/NonDOE share: $4,243,570 / $5,219,053
Additional Partners: Painesville Municipal Power, Ashlawn Energy LLC, V-Fuel Pty Ltd,
American Municipal Power, Flanders Electric Inc, GPD Group Inc
The City of Painesville, Ohio, and its partners are demonstrating a vanadium redox
storage system. When completed, the final system will operate at a constant 26 MW, 80%
of rated capacity. It will be located at the City’s 32 MW coal-fired Painesville Municipal
Power plant. The goal is to scale up the battery system in stages, started at 1 MW of
capacity with 6-8 hours of storage. These batteries are based off a modular design with
storage time dictated by the amount of Vanadium electrolyte. At the beginning of the
project, the electrolyte material was the highest cost factor at 36% of total cost. All battery
components will be produced in the U.S., and battery stacks will be assembled in
42

Ed Chiao, Amber Kinetics: DOE Peer Review, Powerpoint Presentation (Oct 20, 2011).
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Painesville. The demonstration period for the final system is planned to occur in
December of 2012. The system is employing a number of chemical and mechanical
improvements to the battery technology, including a higher molarity electrolyte and
greater stack size, which will increase its efficiency and reduce its environmental footprint.
As of late 2011, the project is set to complete well ahead of original schedule, but was
over budget.43

East Penn Manufacturing Co: Grid-Scale Energy Storage Demonstration Using
Ultrabattery Technology
Category: Distributed energy storage for grid support
Location: Lyon Station, PA
Proposed Timeline: Feb 1, 2010 – Jan 31, 2015
Total Project Budget: $5,087,269
DOE/NonDOE share: $2,543,523 / $2,543,746
Additional Partners: Ecoult, PJM, PPL Energy Plus, Met-ED
This project involves the design and construction of a storage system that consists
of an array of UltraBattery™ modules. This technology is a hybrid storage device that
combines an asymmetric ultracapacitor and a lead-acid battery in one unit cell. The
completed storage system will sell up to 3 MW of frequency regulation within PJM, and
other demand management services during specified peak power periods. As of late 2011,
the entire system was scheduled to be completed in early second quarter of 2012.44
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Jodi Startari, Painesville Municipal Electri Power Vanadium Redox Battery Demonstration
Project, Powerpoint Presentation (Ashlawn Energy LLC, 2011).
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Jeff Seasholtz and John Wood, Grid-Scale Energy Storage Demonstration for Ancillary
Services Using the Ultrabattery Technology, Powerpoint Presentation (East Penn
Manufacturing, 2011).
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Premium Power: Distributed Energy Storage System
Category: Distributed energy storage for grid support
Location: North Reading, MA (demonstrations in NY and CA)
Proposed Timeline: Aug 13, 2010 – Dec 12, 2013
Total Project Budget: $12,514,660
DOE/NonDOE share: $6,062,552 - $6,452,108
Additional Partners: National Grid USA Service Company Inc, Sacramento Municipal
Utility District, Syracuse University, Science Applications International Corp, National
Renewable Energy Laboratory
Premium Power and its partners are demonstrating zinc bromide battery systems for
load shifting, peak shaving, renewable system integration and support for micro-grid
operations. The project is based on Premium Power’s fully integrated trailer-mounted 500
kW, 6-hour TransFlow 2000 energy storage system that can provide capacity on demand
and comprises storage, power conditioning, system control, and thermal management
subsystems. Two utilities will demonstrate this technology. National Grid will install three
units within their territory, two at National Grid’s Thorndike substation in Everett, MA and
the other at the National Grid customer site in Worcester, MA. Sacramento Municipal
Utility District (SMUD) will install an additional two units in Sacramento, CA, one at their
headquarters serving the SMUD micro-grid and the other serving the Anatolio III
SolarSmart Homes community development that has 600 homes totaling 1.2 MW of
photo-voltaic generating capacity. These two utilities will deploy and monitor the TF2000
units in their respective systems for two years. As of late 2011, all the units are planned to
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be installed by August of 2012, with commissioning and operation taking place through
October of 2014.45
Primus Power Corporation: Wind Firming EnergyFarm
Category: Battery storage for utility load shifting or for wind farm
Location: Alameda, San Ramon, Modesto, CA
Proposed Timeline: Jan 1, 2010 – Jan 31, 2015
Total Project Budget: $46,700,000
DOE/NonDOE share: $14,000,000 / $32,700,000
Additional Partners: Modesto Irrigation District, California Energy Commission, Pacific
Gas & Electric, Sandia National Laboratory, Electric Power Research Institute
Primus Power is deploying a 25 MW/75 MWh EnergyFarm™ in the Modesto
Irrigation District substation in California that consists of a series of EnergyPods™. These
are a plug-and-play zinc flow battery system housed inside a standard shipping container.
It will be field tested within Pacific Gas and Electric territory, and will displace a planned
$78 million fossil fuel plant. EnergyFarms are modular based systems that are claimed to
be scalable from 330 kW/1 MWh up to larger than 100 MW/300 MWh. The field
deployment is scheduled to be completed in 2012, and Primus Power is working to
commercially deploy multi-MW EnergyFarms in 2013 and 2014.46

Seeo Inc: Solid State Batteries for Grid-Scale Energy Storage
Category: Demonstration of promising storage technology
Location: Berkeley, CA
Proposed Timeline: July 30, 2010 – July 29, 2014
Total Project Budget: $12,392,122
45

Dennis McKay, Smart Grid Distributed Energy Storage Demonstration, Powerpoint
Presentation (Premium Power Corporation, Oct 20, 2011).
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Rick Winter, EnergyPod: An Office of Electricity Grid Storage Demonstration Project,
Powerpoint Presentation (San Diego, CA: Primus Power, Oct 20, 2011).
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DOE/NonDOE share: $6,196,060 / $6,196,060
Additional Partners: University of California Berkeley
Seeo and its partners are demonstrating a prototype of a lithium-ion battery
technology for use as community energy storage systems, which includes small (<100 kW)
distributed energy storage systems alongside pad-mounted and pole-mounted transformers.
This Li-ion technology includes a solid lithium metal anode, whereas conventional
batteries use a porous anode. It is claimed to have a 10-15+ year operating life with
3,000-5,000 cycles. Also, more than a 50% improvement in weight and energy density,
and will be 35% cheaper than existing lithium-ion batteries.47

SustainX Inc: Isothermal Compressed Air Energy Storage
Category: Demonstration of promising storage technology
Location: West Lebanon, Hanover, NH; Saxonville, MA
Proposed Timeline: June 15, 2010 – Dec 31, 2013
Total Project Budget: $10,792,046
DOE/NonDOE share: $5,396,023 / $5,396,023
Additional Partners: AES Energy Storage, Creare, The Hope Group, MTechnology
SustainX is developing and demonstrating a modular, market-ready above-ground
compressed air energy storage system. Unlike other compressed air technologies, it does
not need to be paired with a secondary heat source and no fuel is involved. SustainX has
successfully demonstrated a 1 kW prototype system that has proven their two core
technologies: isothermal gas cycling and hydraulic conversion. It uses a hydraulic
drivetrain to convert electrical energy to store it as compressed air. With this project,
SustainX will first develop a 50 kW energy storage system. The lessons learned from this
47
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will be used to produce a 1 MW/4 MWh storage system that will be demonstrated by
partner AES Energy Storage. The University of Minnesota Twin-Cities recently licensed an
isothermal compressed air technology to SustainX, which developed it through research
funded by the National Science Foundation.
Beacon Power: 20 MW Flywheel Frequency Regulation Plant
Category: Frequency regulation ancillary services
Location: Stephentown, NY
Proposed Timeline: January 1, 2010 – September 1, 2013
Total Project Budget: $48,127,957
DOE/NonDOE share: $24,063,978/$24,063,978
Additional Partners: PJM Interconnection, Midwest Generation
Beacon Power planned to build and operate a flywheel plant at the Humboldt
Industrial Park in Hazle Township, Pennsylvania. 200 hundred flywheel were planned to
be connected in parallel to provide 20 MW in capacity with a response time of <4
seconds. The plant has been built and is currently operational. In October of 2011,
Beacon Power filed for bankruptcy two days after the White House ordered an
independent evaluation of the Energy Department’s loan programs to ensure effective
management and monitoring, which happened roughly two months after Energy
Department-backed Solyndra went out of business.48 However, unlike Solyndra, which
stopped manufacturing operations when it went bankrupt, Beacon Power intends to
continue operating this 20 MW flywheel plant. In March of 2012, private equity group
Rockland Capital announced it would buy most of the bankrupt firm, including the
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Stephentown plant.49 The Department of Energy stands to recover more than 70% of the
investment in the company, and “Rockland said it plans to rehire ‘a majority’ of Beacon’s
employees. The firm also plant to help finance a second energy storage plant in
Pennsylvania, which will be funded in part by a $24.1 million Energy Department
grant.”50
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